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SURVEY OF
THE EAST COAST
AIR COMBAT MANEUVERING RANGE
FOR
THE DEPARTMENT OF THE NAVY
CHESAPEAKE DIVISION
NAVAL FACILITIES ENGINEERING COMMAND

CONTRACT NO. N62477-~78-C-0180
18 OCTOBER 1977

PURPOSE OF SURVEY

This survey was performed to accurately establish
the locations of the four Air Combat Maneuvering
Range (ACMR) platforms constructed by Brown &
Root, Inc. in the Atlantic Ocean offshore of
Kitty Hawk, N.C. during the summer of 1977.

CONTROL SURVEY

Prior to performing the ACMR Tower location survey
onshore control points with sufficient elevation for
the long shots to the offshore sites had to be
located. 1t was found that the U.S.C.&G. monu-
ments "Wright" located atop the Wright Memorial
Monument at elevation 144 ft. and "Bodie Island
Lighthouse" at elevation 156 ft. met the criteria
for elevation.

The monument on Bodie Island Lighthouse could neot
be directly occupied as it was located at the
center of the lighthouse, and the monument at
Wright was situated such that a clear line of
sight to Bodie Island Lighthouse was not possible.
For the above reasons, a control survey was per-
formed to locate offset points for the monuments
at Wright and Bodie Island Lighthouse. These off-
set points will hereinafter be referred to as "WT.
#2" for the offset point at Wright and "B.L. #3"
for the offset point at Bodie Island Lighthouse.

Offset point B.L. #3 was located by using the
U.S5.C.5G. monuments "Bodie Island South Base” and
"Park". Offset point WI. #2 was located using
the U.S.C.5G. monuments "Kitty" and "Devil®™. A
traverse was run between B.L. #3, WI. #2 and an
arbitrary point set on top of the Ramads Imm at
Nags Head, N.C. The ends of this traverse were
tied back to the U.S.C.&G. monuments mentioned
above. A further check was made by comparing the
calculated distances B.L. #3 to Bodie Island
l1ighthouse and WI. #2 to Wright with the measured
distances.

.




The theoretical precision of this control survey
was calculated to be greater tham 1:300 000.

LOCATION SURVEY

The location survey consisted of measuring the
sides and angles of the five triangles formed
by the four ACMR platforms and two control
stations onshore, Bodie Light No. 3 (B.L. #3)
and Wright No. 2 (WT. #2).

The measured distances were used to calculate
the coordinate positions of the offshore plat~
forms using the method of trilateration. The
angles and distances were ugsed to determine the
coordinate positions using the traverse method.

Several traverses were run starting from dif-
ferent control stations and running through the
offshore stations in differing sequence. The -
strongest traverses were selected and the
coordinates derived were averaged along with
the trilateration derived coordinates to pro-
duce the final coordinate position for each

of the ACMR platforms.

The theoretical precision of the location
survey was calculated to be greater than
1:125 000. The accuracy of the final calcu-
lated position of each offshore structure is
within the 0.9 meter tolerance.

FIELD PRACTICES

The distances were measured using a K & E
Rangemaster II laser distance measuring
instrument and the angles were observed with
a Wild T2 one second theodolite.

All angles were turned using four zero set-
tings on the horizontal and wirh upright and
inverted telescopa. The mean of the eight
readings was then taken as the observed angle.

Distances were measured by taking multiple
readings, in one direction only, using the
K & E Rangemaster and averaging the readings.

&



Temperature and barometric pressure were re-
corded at the time that each set of readings
was taken and the appropriate correction was
set into the instrument to compensate for
refractivity. Ten distance measurements were
averaged for most of the lines. However, due
to adverse atmospheric conditions only three
readings were taken for two of the lines. This
was not considered to be detrimental to the
accuracy of the survey since the greatest
difference in readings on any of the lines
measured was only a few hundredths of a meter.

The distance from Bodie Light to ACMR #4 was
not measured.

COMPUTATION

Most of the calculations were performed by
computers using proven software. The auto-~
matic data processing was broken at certain
points to allow critical decisions to be made
and reviewed by engineering personnel.

The slope distances measured in the field were
first reduced to spherical distances and then

to U.T.M. grid distances. Spherical excess

and other corrections were calculated for the -
field angles. Since the magnitudes of .the_
angular corrections were very much less than

the magnitudes of the anticipated error in

the measured angles, the corrections were not
applied and the adjusted field angles were used.-
All subsequent calculations were then performed
as plain grid calculations and the U.T.M. coordi-
nates derived. The U.T.M. coordinates were

used to calculate the grid distances and azimuthe
and the geographic positions, distances, and
azimuths. The traverse calculations were run

by the computer and adjusted by compass rule.

.:‘—4 y T8 . adin




EAST COAST AIR COMBAT MANEUVERING RANGE

ACMR PLATFORM LOCATIONS

GEOGRAPHIC U.T.M. N.C. STATE
ACMR 1 N 35 56 59.5646 N 3 978 221.727 X 3 104 922.448
W 75 15 58.1461 E 475 996.616 Y 821 413.558
ACMR 2 N 36 13 35.4728 N 4 008 901.268 X 3 105 805.429
W 75 15 01.1123 E 477 504.380 Y 922 223.264
ACMR 3 N 36 03 53.2239 N 3 990 933.505 X 3 186 934.355
W 74 58 59.3154 E 501 518.059 Y 866 475.872
ACMR 4 N 35 Qi 11.2302 N 3 960 067.671 X 3 157 867.525
W 75 05 42.1955 E 491 409.740 Y 763 921.184

Geographic Coordinates Referenced to Clarke's Spheroid of 1866.

U.T.M. Coordinates are Universal Transverse Mercator Grid Coordinates Refer-
enced to Clarke's Spheroid of 1866 in Meters, Zone 18, Central Meridian

75 Degrees West.

N.C. State is State Plane Coordinate Grid System in Feet, Zone 3200.

Datum is National Geodetic Vertical Datum (NGVD) 1929.

18 OCTOBER 1977




STARTION AT ACHMRE TOWER MO 1

STRATION I3

A SMALL TRIAMGLE OF MHITE FAIHT WITH A FUHCH HO
LOCATED 1M THE CE

HYER DOF THE UFFERMOST DECE OF THE PLATEOR

GEOGEAFHILHL. .T.M. GRID

COORDIMATES LAT. 35 52 59,9646 H o3 378 221.7
AT ACHE #1 LOHG., 75 1% 52,1451 E 4758 996.6

DIST. TO RACME #2

3B VB ehd 38 71e.5
H.AZ. Td ACHR #2 2 39 2405 2 48 48.9

DIZT. TO RACHE #3 258 S232.333 28 S511.3
H.AZ. TO ACME #3 5 21 59,5 £o 31 22.5
DIST. T RCME #4 20 R4, 85 23 214.5
H.AZ. TO ACHME #4 129 I 42,7 129 48 @5.3

DIST. TO B.L. #3 ]S PRCICR P S5E.6
H.AZ. TO EB.L. #3 241 34 BRLE 241 44 13.5

DIST. TO WT. #&2 I6 9E0.47T eI
H.RZ. TO MT. 42 Z81 14 21.9 2zl 2

H.RZ. TO H. LEG
OF ACHME #1

DX
T
£
0
L]
1%
n
w
[y
w

HOTES:
ALL DISTHHCES SHOMH ARE IH METERS.

ALL AZTMUTHS SHOKM ARE IM DEGREESs MIMUTESs AHD SECOHDS
MERSUREED CLOCEWISE FROM HOETH.

W.T.M. GRID IS UHIYERZAL TRAHSVERSE MERCATOR GRID
FEFEREHMCED TO CLAREE'Z SFHERDID OF 1246 IM METERS.

W.T.M. GRTD ZOME IS ZONE 18, CENTFRAL MERIDIAN 7S DEG. M.

18 QCTOBER 1977
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STRTIOM AT ACHME TOWER HO. o

STATION IS A SHMALL TEIHHELE OF WHITE FAIWT WITH A FUHCH HOLE
LOCATED IW THE CEMWTER OF THE UFFERMOST DECK OF THE PLATFORM.

GEOGEAPHICHL.

COORTIHATE S LAT. = 335
AT ACHME #Z2 LOHG., ¥3 15 a1,

DIST. TO ACHME #1 £15 =g 3
H.RZ. TO ACHME #1 18e 39 38.1
ODIST. TO ACHME #3 IR A0 Sa]
H.HRZ., TQ RCME #3 1ze 29 25,9

DIST. TO WT. #2 ﬁ# 399.@@2

H.oARZ. TO WT. #2

(X

[ax}
™
=)
N
M
-+

T

H.RZ. T M. LEG
OF HCME #2

356 @E 29

HOTES:
ALL DISTAMCES SHOMM ARE IHW METERSZ.

ALL AZIMUTHS SHOWMH RRE IH DEGREESs H
MERSURED CLOCKMIZE FROM HORTH.

. T.M. GRID IS UMIVERZAL TEAHSYERSE

. T.M. GRID

[y
[£X]

oy

L v
0o

44 3B2.2600
238 12 46.1
256 15 22

THUTESs AMD SECOMDS

MERCATOR

GREID

REFEREHCED TO CLARKE®S SPHERODID OF 18cd IH METERE.

H.T.HM. GEID Z0OHE IS5 Z0OME 13, CEMTRAL

MERIDIAN

13

73 DEG. M.

QCTORER 1977
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STHITOH AT ACHME TOMER HO,

STATIOW IS5 A SMALL TRIAHMGLE OF WHITE FRIMT WITH R PUHCH HOLE
LOCATED IH THE CEMTER OF THE UFFERMOZT DECE OF THE PLATFORM,

GEOGREAFHICAL

COURDIHATES

LAT. 36 @3
AT ACHMRE #32 b

LOHG. 74 S

DIST. T ACHR #1 &
H.B8Z. TO ACHR #1 L JCR

DIST. TO ACHMRE #2 20 @oz, 5el
H.AS., TO ACHRE #Z2 08 a8 53.2

DIST. 7O ACHME #4 a2
H.oAZ. To ACHMFE #4 1% 5

Sl
o
v~
x4

H.RAZ. TO H. LEG

OF ACHR #3 359 2@ I8

HOTES:

ALL DI=ZTAHCES SHOWH ARE IH METERS.

LT.M. GRITD

QW
Ca v
on
D

on D
— 0

28 511,986
243 31 22.9
29 391,620
B3E 48 17,8
32 478,883
198 87 59.6

ALL HZIMUTHS SHOWHM ARE IH DEGREES. MIMUTES, RHD SECGHDS

MERSURED CLOCEWIZE FROM NORTH.

U.T.M, GREID 1% UNIVERZAL TREAHSYERSE HERCATOR GRID
e

FEFEREHZED TO CLAFKE'S SFHERDID OF 1

E'

IN METERS.

U.T.M. GRID ZOHE I3 Z0HE 13y CEMTEAL MERIDIAH 75 DEG. W.

18 QCTQRER 1977

<>




STRTIOH AT ACHE TOWER HOL 4

STATION 12 A SMALL TRIABMGLE OF WHITE FRINT WITH A PUNMCH HOLE

LOCATEDL IH THE CEMTER OF THE UWFFERMOLT DECKE OF THE PLATFORM.

GEOGEAFHTTHL iy, T.M. GRID

COGRETNIHATES LAT. 2% 47 11.27282 H 3 268 867.671
AT ARIME #4 LOHG. 7S @5 42,1355 E 431 489,740

DIZT. TO ACHME #1 27 224,826 23 214.
H.ARZ. TO AHCHME #1 219 38 44,6 a1 ..

Ful
]
[}
I
L
Ty
(%]
—
L
ey
@
[Ax]
a
o en

DIT. TO ACME #3 32 491,87 32 478,883
HoRZ. T0 ACHME #2 12 ad G301 a2 87 99.¢
DIST. TO F.L. #Z 42 S@5,1067 42 488,747
H.oHIZ., TO E. L. #Z 204 55 o,z Z¥4 58 6.6
HoRZ. T M. LEG

0F ACHME &4 48 14 8 49 34

HOTES:
HLL DI=THHCES SHOMM ARE IH METERT,

HLL HZIMUTHE SHOWH AFE IHW DEGREES, HMIHUTES. HHD SECONDS
MEARSURED CLOCEMISE FROM HORTH.

U.T.M. GRID IS UHIVERZIAL TRAHWSVERSE MERCATOR GRID
FEFEFEHCED TO CLAFEE'S SPHEROID OF 19ee IM METERS.

.7 M. GRID ZOME T2 Z0HE 13, CEMTREHL MERIDIAW 75 DEG. W,

12 OCTOBER 1977
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STHTION AT EBODIE LIGHT HOL 3 <B .. #3

STRATIOW 15 A SMALL TREIAHGLE OF WHITE PAINT WITH A PUNCH HOLE
LOCHTED OM THE LOWER 0OF THO CATHALES AT THE TOF OF THE

BODIE TSLAMD LIGHTHOUSE. 2.5& FT. EAZT 0OF THE WALL OF

OF THE LIGHTHOUZE.

GEOGERFHICHL . T.M. GRID

’51.642

COORDIHATES LAT. 363
4439 881.043

AT E.L. #3 LOHG. 7

ODIST. TO ACHME #1

R 57Ve. 321 28 558.€56
H.AS. TO ACHE #1 &1 24 24.4 _ £l 44

13.5

DIST. TO RCIHME #4 42 585, 1&7 4
HoRZ. TO HCOHME #4 #4038 3% ; b}

DIST. TO WT. #2 2T ST, A5 23 674,454
H . HZ a Tl:l MT - #2 Dy ] [ T .

(%]
(g}
—
I
[al
it

"
oy
n
—
P N
A
&

HOTES:
ALL DISTAMCES SHOWMH ARE IM METERS.

ALL AZIMUTHS SHOWMHM ARE IM DEGREES, MINUTES, AHD SECONDS
MERZURED CLOCKWIZE FREOM HORTH.

U.T.M. GRID IS UHIYERZAL TRAHSWYERSE MEFCATOR GRID
REFEREMCED TO CLARKE®S SFHEROID OF 1388 IN METERS.

H.T.M. GREID Z0OME IS Z0OME 12, CEMTRAL MERIDIAW TS5 DEG. W.

13 QCTOBER 1977




STATIOHN AT WRIGHT HO. 2 7HT. &2

STATION IS 0OM STONE STERP 8.96 FT, ER-T OF USCEG MOHUMENT WRIGHT.

GEOGREAFHICAL J.T.M. GRID
COORDIHATES LAT. 326 88 50,8755 H 3 925 521.87V3
AT WT. #Z LONG. 73 4@ 95,8206l E 439 7r8.451
DIST. TO ACHMR #1 36 PER.4TT 36 946.351
H.RZ. TO ACHME #1 181 @8 11.4 181 23 45.1
DIST. TO HCHMR #2 44 333,662 44 382,900
H.RZ. TO ACHR 42 ST - B S 23 12 46.1
DIST. T E.L. #3 23 603,853 23 £74.484
HoRZ. TO B.L. #Z 196 28 130w 56 51 45.4

HOTES:
ALL DISTAHCES SHOWM ARE IM METERS.

ALL AZIMUTHS SHOWH RARE IM DEGREE=. MINUTES, AND SECONDS
HERSURED CLOCKWISE FROM HORTH.

U.T.M. GRID IS UNIVERSAL TRAMSVER=E HERCATOR GRID
FEFEFEHCED TO CLARKE'S SFHEROID 0F 1366 IN METERS.

L.T.M. GRID ZONE IS ZOHME 18, CENWTRHL MERIDIAW 7S DEG. MW.

18 OGCTOBER 1977
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WRIGHT

° No.2
88 —1.2? .
e (WT.#2)
Vi N3,988,821.87
E 439,778.45

u.s.C.£ 6. )
Mon. "Kitty"
N 3,991,320.48
£437,852.1)

NOTES

SURVEY PERFORMED 20 AUGUST — 3 SEPTEMBER 1977.

REVISIONS




N 3,962,765.74 »

E 450,306.7¢ 2 -50-:
s
u.s.c.§6 26”5 %0
» . ‘ v k) Y I
Bodie Is.So. Base” 2>~ o
RS
308° 48’ 41.0" A
1,573.02 M 7 ‘>\',,9

\‘; —
\o.‘ﬁ// No.3

(B.L.#3)

N 3,363,751.64
£ 449,081.04

NOTES:

1. ALL DISTANCES SHOWN ARE GRID DISTANCES
{N METERS.

2. ALL AZIMUTHS SHOWN ARE GRID AZIMUTHS
MEASURED CLOCKWISE FROM 'NORTH.

3. GRID IS UNIVERSAL TRANSVERSE MERCATOR
GRID REFERENCED TO CLARKE'S SPHEROID OF
1866 IN METERS, ZONE 18, CENTRAL MERIDIAN
75 DEGREES WEST. -

SCALE = 1:120,000

U.S.C.§G.
Mon. "Park”

N3,958,817.40
€ 451,992.89

v PR CONT. No.
BROWN & ROOT I“C. HOUSTON, TEXAS @..... —— 29-5119~010
CONTROL SURVEY — EAST COAST AIR COMBAT DWG. No.
MANEUVERING RANGE — DEPT. OF THE NAVY KH~101-00
CHESDIVNAVFACENGCOM N62477—76-—C-0180
DR AWN BY pave_7 Ost. 77
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L
ACNR 9.2
\\no oo, 90! .27

: \J
a7, 50438

AN
..
\OIO

39 o5~

- %\_Xucun No. 4

N 3,960,067. 87
€ 491,409.7¢

ACMR No.3

N 35,990,933.5)
€ 501,518.06

NOTES:

1. ALL DISTANCES SHOWN ARE GRID DISTANCES
IN METERS.

2. ALL AZIMUTHS SHOWN ARE GRID AZIMUTHS
MEASURED CLOCKWISE FROM NORTH.

3. GRID IS UNIVERSAL TRANSVERSE MERCATOR
GRID REFERENCED TO CLARKE'S SPHMEROID OF
1866 IN METERS, ZONE 18, CENTRAL MERIDIAN
75 DEGREES WEST. _ ’

SCALE = 1:250,000
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US.C.¢ G BODIE
ISLAND LIGHT

----- NORTH LEG

: (NOT TO

BODIE ISLAND LIGHTHOUSE

SCALE)

BROWN & ROOT INC. rouston, Texas

e
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29-5119-010
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